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Ozet

Amacg

TS-131, mevcut ticari oksimlere potansiyel bir alternatif olarak gelistirilmis
bir monopiridinyum aldoksim tipi kolinesteraz reaktivatérudir. Rat plazma
érneklerinde TS-131'in konsantrasyonlarinin 6lciimii icin; sensitif, basit ve
guvenilir bir yiiksek basingli sivi kromatografisi (HPLC) yontemi kurmayi
amagladik.

Gereg ve Yontemler

TS-131, erkek Sprague Dawley ratlara intramuskiiler olarak verildi. 30 dakika
sonra kan ornekleri intrakardiyak olarak alindi. TS-137’in HPLC ile ayirimi
icin, octadecyl silica yapisinda analitik kolon ve %92 0.1 M amonyum asetat
ve %8 metanol iceren mobil faz kullanildi. Tim analizler 40 °C’ye ayarlanmis
kolon firini icerisinde yapildi. Analizler, diyot array dedektér ile 242 nm dalga
boyunda yapildi.

Bulgular

3200 pmol/Llik stok standarttan seri diliisyonlarla elde edilen standart-
larla (0.78-3200 pmol/L) hesaplanan kalibrasyon egrisi lineerdi. Bu HPLC
yontemi ile dedekte edilebilen TS-131 araligi 0.78-3200 pmol/L arasinda
idi. Yontemin kantitasyon limiti (LOQ)’'u 0.39 pmol/Lydi. HPLC 6lctimlerinin
glin-i¢i ve guinler-arasi tekrarlanabilirlilikleri sirasiyla %1.94 ve %1.22 idi.
Standartin numunelere eklenmesinden (spiking) sonra, ortalama spike geri
eldeleri %99.2 ile %100.4 arasindaydi. Ortalama geri elde ise %99.8 olarak
bulundu.

Sonug

TS-131 ol¢timii igin; sensitif, basit ve giivenilir bir HPLC yontemi kuruldu.
Mevcut diyod array dedektérli HPLC yéntemi, ayni zamanda cesitli pirid-
inyum oksimlerin konsantrasyonlarini belirlemek icin de kullanilabilir.
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Abstract
Aim
TS-131
developed as a potential alternative to commercially available oximes. A
sensitive, simple and reliable high performance liquid chromatography (HPLC)
method with diode array detector was developed for the measurement of TS-
131 concentrations in rat plasma samples.

Material and Methods

Male Spraque Dawley rats were treated intramuscularly with TS-131 and the
samples were collected 30 min. later. Separation was carried out by HPLC
using octadecyl silica stationary phase and a mobile phase consisting of 92%

is a monopyridinium aldoxime-type cholinesterase reactivator

0.1 M ammonium acetate and 8% methanol. Measurements were carried out
at 40 °C. Quantitative absorbance was monitored at 242 nm.

Results

The calibration curve was linear through the range of 0.78-3200 pmol/L,
which is well beyond the detected plasma level range of TS-131. Limit of
quantitation was 0.39 pmol/L. Intra-day and inter-day precisions of the HPLC
determinations gave standard deviations as 1.94 and 1.22%, respectively.
After spiking, average spike recoveries ranged from 99.2% to 100.4% and,
overall mean recovery of 99.8% was found.

Conclusion

A sensitive, simple and reliable HPLC method was established for the
measurement of TS-131. The presented HPLC method with diyote arrray
detector can also be used to determine the concentrations of several
pyridinium oximes.
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Introduction

Organophosphates and organophosphonates (organophosphorus com-
pounds, OPs) are serine esterase and protease inhibitors. OPs are widely
used in all over the world in agriculture as pesticides, insecticides and
acaricides, in industry and technology as softening agents and additives
to lubricants [1-3]. They cause an irreversible inhibition of cholinest-
erases (butyrylcholine esterase: EC 3.1.1.8 and acethylcholine esterase:
EC 3.1.1.7) via a covalent reaction with the serine in the active center
of the enzymes [1,2}. Some OPs as tabun, sarin, cyclosarin, soman,
VR and VX are highly toxic “nerve gas” warfare agents. Some of the
warfare agents have been also misused by terrorist groups. The clinical
effects of OPs are well known and have been extensively studied and
described [3-5].

The reactivators of acethylcholine esterase (AChE) are an essential
part of antidote treatment during OPs intoxication, together with at-
ropine and diazepam [6]. The reactivator carries a nucleophilic oxime
group (an oximate anion in the dissociated form) which is able to
cleave the OPs moiety from AChE’s active site and restore the en-
zyme’s vital function [7]. Pralidoxime (1,2-hydroxyiminomethyl-
1-methylpyridinium chloride) and obidoxime (3, Toxogonin, 1,3-
bis(4-hydroxyiminomethylpyridinium)-2-oxapropane dichloride) are
commercially available AChE reactivators. On the other hand, Atropine
is a necessary antidote component to diminish the cholinergic conse-
quences of OPs intoxication, where diazepam is used for its anticon-
vulsive activity [6,7].

However, the commercially available reactivators cannot be used to
treat the full spectrum of OPs. In particular, few of the compounds are
effective against tabun and pesticide intoxication [8]. Novel reactiva-
tors are being developed worldwide to cover these deficiencies [9-15].
The available oximes have been quantitatively determined using high
performance liquid chromatography (HPLC). Using this technique, it
was possible to monitor the blood concentration and urinary elimina-
tion of pralidoxime [16-22]. Urinary elimination of obidoxime was fol-
lowed by reversed-phase chromatography. Detection of obidoxime and
of the structurally similar other oximes was carried out at 258 nm [20]
and 304 nm [22].

A new AChE reactivator was developed by the authors as a potential
alternative to the commercially available substances. Its chemical
structure was derived from
the structures of existing
esterase reactivators, es-
pecially pralidoxime. The
newly developed oxime is
monopyridinium aldoxime.
It is the so-called TS-131.
Chemically, it is 3-carboxy-
aldehydepyridiniumoxime,
C6H6N20, with a molecu-
lar weight of 122.134 g/
mol. Its chemical structure
is given in Figure 1, and its
1H NMR spectra is shown
in Figure 2. TS-131 has a maximum absorbance at 242 nm.
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Figure 1. The chemical structure of TS-131
(3-carboxyaldehydepyridinium)
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Sekil 3. Calibration curve for TS-131 measurement when TS-131 solution was prepared with HPLC
grade water. Each point represents average of three measurements. The linearity was evaluated by
regression analysis performed by the least-squares method.

The main aims of this study were the determination of TS-131 in rat
plasma samples and to establish a simple and reliable method.

Material and Methods

Animals

In the study, 20 adult male Spraque Dawley rats (250 to 300 gr) were
used. Rats were caged in a controlled environment at 22°C with 12-
hour light/dark cycles. Standard rat feed and reverse-osmosis—purified
water were provided ad libitum. All rats were allowed to have 1 week
of acclimation to this environment before the experiment. The rats were
divided into groups of ten animals. The present study was performed in
the Research Center of the Gulhane Military Medical Academy with
the approval of the Gulhane Military Medical Academy Animal Ethics
Committee, Turkey.

Chemicals

TS-131 (3-carboxyaldehydepyridinium, with the molecular formula of
C6HO6N20, and the molecular weight of 122.134) was synthesized in
the laboratory (Department of Chemistry, Middle East Technical Uni-
versity, Ankara, Turkey). Other chemicals were purchased from com-
mercial sources in the best available quality: methanol, HPLC grade
(Merck, Darmstadt, Germany); ammonium acetate, trichloroacetic
acid, (Sigma-Aldrich Chemie GmbH, Steinheim, Germany). The wa-
ter was double distilled and deionized and of HPLC grade (Millipore,
Molsheim, France).

HPLC System
The liquid chromatography system consisted of an Agilent 1100 Au-
tosampler, a HP 1050 HPLC Quaternary Pump, and a HP 1050 Diode
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Figure 4. Plasma concentration of TS-131 following intramuscularly (i.m.) administration as a single dose

Figure 2. The TH NMR spectra of TS-131.
enous compounds.

(300 pmol/kg), 13.20 pmol/L TS-131 at 18.29 min. The peaks not marked are unknown oxidable endog-
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Array Detector (DAD), HP 1050 solvent/Degassing Module, HP Ther-
mostatted column Compartment all from Agilent Technologies (Wald-
bronn, Germany). The 3D ChemStations Software of 1100 System
Access served for evaluation of chromatograms. A Waters Spherisorb
ODS?2 separation column (25 cm x 4.6 mm i.d., particle size: 5 pm) of
Hichrom (Berkshire, England), containing octadecyl silica as station-
ary phase was used. The mobile phase consisted of 8% methanol and
92% 0.1 M ammonium acetate. The mobile phase flow rate was 1 mL/
min with isocratic mode. The chromatograms were obtained at 40 °C.
The size of sample of injection was 50 pL. Ultraviolet absorbance was
detected at 242 nm.

Animal treatment

300 umol/kg of TS-131 was intramuscularly (i.m.) injected to male
Spraque Dawley rats. The rats were sacrificed after 30 min. following
i.m. administration. In addition, a control group which did not receive
any treatment was also used. The blood was collected in K3EDTA
coated tubes (Becton, Dickinson, NJ, USA), gently mixed and centri-
fuged at 3500 rpm for 10 min at 4 °C to obtain the plasma. The plasma
samples were stored at —80 °C until HPLC analysis.

Plasma pretreatment

Plasma sample aliquots (0.5 mL) were mixed with 0.5 mL of 20%
trichloroacetic acid to precipitate the proteins, and centrifuged at
13.000 g for 10 min at 4 °C. The supernatant was then injected into the
HPLC system.

Calibration

Calibration curve was established. Calibration curve was determined
using 14 dilutions from a 3200 pmol/L TS-131 stock solution prepared
with HPLC grade water in the range of 0.78—-3200 umol/L, in triplicate.
The linearity was evaluated by regression analysis performed by the
least-squares method and gave R2 = 0.9997. During the day, the TS-
131 solution was stabile (100+£2% SD). Endogenous compounds in the
biological samples separated well from TS-131 that migrated with a
retention time of 18.29 min.

Results

We described a high performance liquid chromatographic method with
diode array detector for measurement of TS-131 in rat plasma samples.
As shown in Figure 3, the calibration curve for TS-131 dissolved in
HPLC grade water was linear in the range of 0.78-3200 pmol/L, and
the limit of quantitation was 0.39 pmol/L. When plasma concentrations
of TS-131 in rats were studied following intramuscular administration
of this compound, a HPLC with DAD method was used with isocratic

mode (flow rate: 1 mL/min) and UV detection at 242 nm.

The calibration curve was determined using 14 calibrators obtained
from a 3200 umol/L TS-131 stock solution prepared with HPLC grade
water. Regression analysis performed by the least-squares method
yielded the equation y = 9.14311456x—93.813378 and a correlation co-
efficient of R2 = 0.9997. The required sample pretreatment is simple,
and the measurement is rapid with a retention time of only 18.29 min.
A simple protein precipitation serves the clean-up before the HPLC
injection. This protein precipitation method is quite well for the de-
termination of TS-131 in the plasma samples. Intra-day and inter-day
precisions were expressed in standard deviation of the TS-131 HPLC
determination, and gave 1.94 and 1.22%, respectively. After spiking of
TS-131 into control rat plasma, average spike recovery ranged from
99.2% to 100.4% and, overall mean recovery of 99.8% was found. The
NMR spectrum of TS-131 has verified its chemical structure.

Plasma level of TS-131 was determined in rats. In the plasma samples
of rats treated i.m. with 300 pmol/kg TS-131, and the 30 min post-
treatment concentration was 13.20 pmol/L value (Figure 4).

Discussion

In especially animal studies, esterase reactivators as pralidoxime and
obidoxime are commonly used to protect from mortality against several
OPs like paraoxon and tabun. In this area, different groups are working
on newly developed pyridinium oximes. Lorke et al. [23] have shown
that to protect from death, two new asymmetric bispyridinium oximes
(K-27 and K-48) are much more efficient than pralidoxime [24] and
obidoxime [25].

Several techniques including high-performance liquid chromatography
have been reported to be able to measure concentrations of different
cholinesterase reactivator oximes in plasma. Kalasz et al. have devel-
oped a HPLC-EC assay for measuring K-27 in different biological sam-
ples [26]. On the other hand, a HPLC-UV method was established to
determine concentrations of K-27 and K-48 in plasma and brain tissue
samples by Lorke et al. [23]. Guyon et al. [18] determined pralidoxime
concentrations by HPLC from samples of rat plasma and urine.

A sensitive, simple and reliable HPLC method was established for the
measurement of TS-131. The presented HPLC method with DAD can
also be used to determine the concentrations of several pyridinium oxi-
mes.

Acknowledgements

This study was supported by a research grant from the Research Cen-
ter of Gulhane Military Medical Academy, Ankara, Turkey (AR-2009-
22).

References

1.R. Levine. In Handbook of Pesticide Toxicology, General Principles, vol.
1, WJ. Hayes and E.R. Laws, Eds. Academic Press, San Diego, 1991, pp.
275-360.

2.). Bajgar. Organophosphates/nerve agent poisoning: mechanism of
action, diagnosis, prophylaxis, and treatment. Adv Clin Chem, 2004, 38,
151-216.

3.S.W. Wiener, R.S. Hoffman. Nerve agents: a comprehensive review. ). In-
tensive Care Med, 2004, 19, 22-37.

4.Karalliedde L. Organophosphorus poisoning and anaesthesia. Anaesthe-
sia, 1999, 54, 1073-1088.

5.G. Petroianu, L.M. Toomes, A. Petroianu, W. Bergeler, R. Riifer. Control of
blood pressure, heart rate and haematocrit during high-dose intravenous
paraoxon exposure in mini pigs. ) Appl Toxicol, 1998, 18, 293-298.

6.M. Jokanovi¢, M.P. Stojiljkovi¢. Current understanding of the application
of pyridinium oximes as cholinesterase reactivators in treatment of or-
ganophosphate poisoning. Eur J Pharmacol, 2006, 553, 10-17.

7.). Bajgar, ). Fusek, K. Kuca, L. Bartosova, D. Jun. Treatment of organo-
phosphate intoxication using cholinesterase reactivators: facts and fiction.
Mini Rev Med Chem, 2007, 7, 461-466.

8.R. Odzak, M. Cali¢, T. Hrenar, |. Primozic, Z. Kovarik. Evaluation of mono-
quaternary pyridinium oximes potency to reactivate tabun-inhibited human
acetylcholinesterase. Toxicology, 2007, 233, 85-96.

9.Y.P. Pang, T.M. Kollmeyer, F. Hong, J.C. Lee, PI. Hammond, S.P. Haugabouk,
S. Brimijoin. Rational design of alkylene-linked bis-pyridiniumaldoximes
as improved acetylcholinesterase reactivators. Chem Biol, 2003, 10, 491-
502.

10.K. Kuca, D. Juna, K. Musilek. Structural requirements of acetylcholinest-
erase reactivators. Mini Rev Med Chem, 2006, 6, 269-277.

11.C. Srinivas Rao, V. Venkateswarlu, G. Achaiah. Quaternary salts of 4,3%
and 4,4¥ bis-pyridinium monooximes. Part 2: Synthesis and biological ac-

tivity. Bioorg Med Chem Lett, 2006, 16, 2134-2138.

12.P. Eyer, L. Szinicz, H. Thiermann, F. Worek, T. Zilker. Testing of antidotes
for organophosphorus compounds: experimental procedures and clinical
reality. Toxicology, 2007, 233, 108-119.

13.K. Musilek, K. Kuca, D. Jun, V. Dohnal, M. Dolezal. Synthesis of the novel
series of bispyridinium compounds bearing (E)-but-2-ene linker and evalu-
ation of their reactivation activity against chlorpyrifos-inhibited acetylcho-
linesterase. Bioorg Med Chem Lett, 2006, 16, 622-627.

14.K. Musilek, K. Kuca, D. Jun, M. Dolezal. Progress in synthesis of new
acetylcholinesterase reactivators during the period 1990-2004. Curr Org
Chem, 2007, 11, 229-238.

15.K. Musilek, O. Holas, K. Kuca, D. Jun, V. Dohnal, V. Opletalova, M. Dolezal.
Novel series of bispyridinium compounds bearing a (Z)-but-2-ene linker-
synthesis and evaluation of their reactivation activity against tabun and
paraoxon-inhibited acetylcholinesterase. Bioorg Med Chem Lett, 2007, 17,
3172-3176.

16.).L. Willems, J.P. Langenberg, A.G. Verstraete, M, De Loose, B. Vanhaese-
broeck, G. Goethals, F.M. Belpaire, W.A. Buylaert, D. Vogelaers, F. Colardyn.
Plasma concentrations of pralidoxime methylsulphate in organophospho-
rus poisoned patients. Arch Toxicol, 1992, 66, 260-266.

17.P. Houzé, S.W. Borron, F. Scherninski, B. Bousquet, B. Gourmel, F. Baud.
Measurement of serum pralidoxime methylsulfate (Contrathion) by high-
performance liquid chromatography with electrochemical detection. J
Chromatogr B Analyt Technol Biomed Life Sci, 2005, 814, 149-154.

18.F. Guyon, A. Tambute, M. Caude, R. Rosset. Determination of N-meth-
ylpyridinium 2-aldoxime methylsulfate (Contrathion) in rat plasma and
urine by high-performance copper(ll)--silica ligand-exchange chromatog-
raphy. ) Chromatogr, 1982, 229, 475-480.

19.D. Shiloff, J.G. Clement. Comparison of serum concentrations of the
acetylcholinesterase oxime reactivators HI-6, obidoxime, and PAM to effi-

cacy against sarin (isopropyl methylphosphonofluoridate) poisoning in rats.
Toxicol Appl Pharmacol, 1987, 89, 278-280.

20.C. Grasshoff, H. Thiermann, T. Gillessen, T. Zilker, L. Szinicz. Internal
standard high-performance liquid chromatography method for the deter-
mination of obidoxime in urine of organophosphate-poisoned patients. )
Chromatogr B Biomed Sci Appl, 2001, 753, 203-208.

21.). Pohjola, M. Harpf. Determination of atropine and obidoxime in auto-
matic injection devices used as antidotes against nerve agent intoxication.
J Chromatogr A, 1994, 686, 350-354.

22.H.P.Benschop, K.A. Konings, S.P. Kossen, D.A. Ligtenstein. Determination
of some pyridinium aldoxime compounds by means of ion-pair reversed-
phase high-performance liquid chromatography: application in biological
material. ] Chromatogr, 1981, 225, 107-114.

23.D.E. Lorke, M.Y. Hasan, S.M. Nurulain, R. Sheen, K. Kuca, G.A. Petroianu.
Entry of two new asymmetric bispyridinium oximes (K-27 and K-48) into
the rat brain: comparison with obidoxime. J Appl Toxicol, 2007, 27, 482-
490.

24.G.A. Petroianu, S.M. Nurulain, N. Nagelkerke, MA. Al-Sultan, K. Kuca, ).
Kassa. Five oximes (K-27, K-33, K-48, BI-6 and methoxime) in comparison
with pralidoxime: survival in rats exposed to the organophosphate paraox-
on. J Appl Toxicol, 2006, 26, 262-268.

25.Kassa, K. Kuca, ). Cabal, M. Paar. A comparison of the efficacy of new
asymmetric bispyridinium oximes (K027, KO48) with currently available
oximes against tabun by in vivo methods. ) Toxicol Environ Health A, 2006,
69, 1875-1882.

26.H. Kaldsz, M.Y. Hasan, R. Sheen, K. Kuca, G. Petroianu, K. Ludanyi, A.
Gergely, K. Tekes. HPLC analysis of K-48 concentration in plasma. Anal
Bioanal Chem, 2006, 385, 1062-1067.

Journal of Clinical and Analytical Medicine | 21



